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c(x) : f(x) ♦ 0
/Ø²bff
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ca,r(x) : (∃a ∈ a)(∃r ∈ r)(
n∑
k=1
(xk − ak)2 = r2) /KT0
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a = (0, 0)
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
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ca,r(x)
&(#8)
a = ([−1, 1], [−1, 1])  r = 4.5 
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{}GfŁny{}g {+,−, ∗, /} ¶abf#{}Gf?©n~{} a♦b ~gwf­dfIzvu
a♦b = {a♦b | a ∈ a ∧ b ∈ b},
²~®nb
a/b












a⊕ b = [a + b, a + b]
a	 b = [a− b, a− b]
a⊗ b = [min(ab, ab, ab, ab),max(ab, ab, ab, ab)] /   0
a b = a ∗ [1/b, 1/b]
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f(x, y) : 3x2 − 2y + 9 ²~nyb x ∈ [−1, 3] ŁQ y ∈ [−2, 4] ^zGf#dgyfIN°±{^{©v~¢nyb~g~d"|dgy~{}
~{^dgxny?Ł~}n
f(x, y) > 0
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(∃r ∈ r)(x21 + x22 = r2)
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x1 = [1, 2]
¸
x2 = [−1, 1] ¸=^d r = [1, 3] ¶BF4f"n f(x1, x2) = x21 + x22
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(∀x1 ∈ x1)(∀x2 ∈ x2)(∃z ∈ [1, 5])(x21 + x22 = z)
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(∃a1 ∈ a1)(∃a2 ∈ a2)(∃r ∈ r)((x1 − a1)2 + (x2 − a2)2 = r2)
²~nyb
x1 = [3, 6]
¸
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F : (∃x)[ax2 + bx + c = 0] ŁzGf
F : b2 − 4ac ≥ 0 ∧ [b 6= 0 ∨ a 6= 0 ∨ c = 0]
½¾Nnbf¡I^gyfq{^°w~gn?Łdf#{^dgxny?Ł~}n?g¸w7°±{}ye7|
F : (∃r ∈ [1, 2])[x2 + y2 = r2] ~gfI`~©Ł|f`n
n{Xnybf#°±{}||{©²~¢¬`dŁ`ny~­dfyµë°±ffl°±{^e7| 
F : (x2 + y2 ≥ 1) ∧ (x2 + y2 ≤ 4)
pigy~¢Onybf
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ca,r(x) : f(a, x) = r
2 }g8°±{^||{©²~d¢ 
ca,r(x) : (∃a1 ∈ a1)(∃a2 ∈ a2)(∃r ∈ r)((x1 − a1)2 + (x2 − a2)2 = r2) /KT0

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(x1 − a1)2 + (x2 − a2)2 ≤ r2
w¶
(x1 − a1)2 + (x2 − a2)2 ≤ r2
¶
(x1 − a1)2 + (x2 − a2)2 ≤ r2
 
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x ∈ ([a1 − r, a1 + r],a2)
 ¶























(x1 − a1)2 + (x2 − a2)2 < r2
w¶
(x1 − a1)2 + (x2 − a2)2 < r2
¶
(x1 − a1)2 + (x2 − a2)2 < r2
 
¶

















ca,r(x) : f(a, x) = r
2
}g	°±{}||{©²~¢ﬁ
ca,r(x) : (∃a1 ∈ a1)(∃a2 ∈ a2)(∃a3 ∈ a3)(∃r ∈ r)(
3∑
i=1
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ca,r(x)







ﬃ	V4"L	OQ[ !%	K 	C #) 4J	K!"#   $O [  # ﬀ  d#)  T 
ﬀH[ 8
TJ'"d	







(∃r ∈ r)(f(a, x) = r2) /±~nybdf#{}y~¢^~dŁ|6"{^Qgn^~`nﬀ0zvu¬nbf
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ca,r(x)
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(f(a, x) ≤ r2) ¸G²b~|f{^dgxny?Ł~}n ce
a,r(x)
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(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 ≤ r2
w¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 ≤ r2
¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 ≤ r2
 
¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 ≤ r2
w¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 ≤ r2
 ¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 ≤ r2
v¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 ≤ r2
¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 ≤ r2
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>¶
x ∈ ([a1 − r, a1 + r],a2,a3)
;Id¶
x ∈ (a1, [a2 − r, a2 + r],a3)
;T;}¶







































(x1 ∈ a1) ∧ ((x2 − a2)2 + (x3 − a3)2 ≤ r2)
;Id¶




(x1 ∈ a1) ∧ ((x2 − a2)2 + (x3 − a3)2 ≤ r2)
;Z¶
(x1 ∈ a1) ∧ ((x2 − a2)2 + (x3 − a3)2 ≤ r2)
;I d¶
(x2 ∈ a2) ∧ ((x1 − a1)2 + (x3 − a3)2 ≤ r2)
;w¶
(x2 ∈ a2) ∧ ((x1 − a1)2 + (x3 − a3)2 ≤ r2)
;Id¶
(x2 ∈ a2) ∧ ((x1 − a1)2 + (x3 − a3)2 ≤ r2)
;?>d¶
(x2 ∈ a2) ∧ ((x1 − a1)2 + (x3 − a3)2 ≤ r2)
Łd¶
(x3 ∈ a3) ∧ ((x1 − a1)2 + (x2 − a2)2 ≤ r2)
 ;}¶
(x3 ∈ a3) ∧ ((x1 − a1)2 + (x2 − a2)2 ≤ r2)
^¶
(x3 ∈ a3) ∧ ((x1 − a1)2 + (x2 − a2)2 ≤ r2)
Łd¶

























(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 < r2
w¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 < r2
¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 < r2
 
¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 < r2
w¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 < r2
 ¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 < r2
v¶
(x1 − a1)2 + (x2 − a2)2 + (x3 − a3)2 < r2
¶
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(x1 − a1)2 + (x2 − a2)2 ≤ r2
((((
(((x1 − a1)2 + (x2 − a2)2 ≤ r2






















(x1 − a1)2 + (x2 − a2)2 ≥ r2
((((
(((x1 − a1)2 + (x2 − a2)2 ≥ r2
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(x1 − a1)2 + (x2 − a2)2 ≤ r2
w¶
(x1 − a1)2 + (x2 − a2)2 ≤ r2
¶
x ∈ (a1, [a2 − r, a2 + r])
kO{^f{©^fI¸+~°





























c1a,r(x) x = ([−10, 10], [−10, 10]) a = (0, 0)
r = [4, 5]
c2
a,r(x) x = ([−10, 10], [−10, 10]) a = ([−1, 1], [−1, 1])
r = 4.5
c3
a,r(x) x = ([−10, 10], [−10, 10]) a = ([−1, 1], [−1, 1])
r = [4, 5]
c4
a,r(x) x = ([−10, 10], [−10, 10]) a = ([−2, 2], [0, 0])
r = [2, 5]
c5
a,r(x) x = ([−10, 10], [−10, 10]) a = ([−0.1, 0.1], [−0.1, 0.1])
r = [3, 5]
a$^z|fE; 
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c6
a,r(x) x = ([−10, 10], [−10, 10], [−10, 10]) a = ([−0.1, 0.1], [−0.1, 0.1], [−0.1, 0.1])
r = [4, 5]
c7
a,r(x) x = ([−10, 10], [−10, 10], [−10, 10]) a = ([−2, 2], [−2, 2], [−2, 2])
r = [4.4, 4.5]
c8
a,r(x) x = ([−10, 10], [−10, 10], [−10, 10]) a = ([−2, 2], [−2, 2], [−2, 2])
r = [3, 6]
a$^z|f 
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a,r(x)
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a,r(x)
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a,r(x)
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x2 + y2 = [2, 2.25]2
(x− [3, 3.5])2 + y2 = [2.95, 3.05]2














   8Ã ¥¦










ﬁﬃ	  [ N# d"
[ OQ%1	C ﬂTﬀT   %"	TWLOD   
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